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Abstract 
This paper proposes a methodology to help decision makers in deciding where to invest in order to improve 
systems usability. The methodology consists of a multicriteria analysis based on the use of the Choquet 
Integral. Alternatives and criteria to determine the usability of a product are approached in this paper relying on 
previous results by one of the authors and her collaborators. The alternatives are constructs related to each of 
the following metrics: Ease of learning; Ease of remembering; Error control; Efficiency; Effectiveness; and 
Satisfaction. The criteria are five and their valuations range from total disatisfaction to total satisfaction of 
users.The case study of the intranet of a Brazilian university illustrates the application of the proposed
methodology. For this case study data on users’ preferences are surveyed. The resulting figures point out which
are the most impacting metrics for the university’s intranet system. Computations by using the Choquet Integral
lead to the most relevant constructs (i.e., alternatives) that minimize the costs to improve the usability of the 
system. The paper closes with indications of the most important constructs for some major metrics. 
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1. Introduction 
Acquiring new customers and the loyalty of existing ones have led enterprises to restructuring, launching 
and using products with high quality. If any given product (e.g., a system) does not cause satisfaction to users, 
it does not become an ally, and these users may certainly seek a substitute product. According to this logic, 
usability is a key attribute of a given product that can be translated into the following characteristics: ease of 
using; ease and fast of learning; not to cause errors or, should they appear, such errors should be easy to 
troubleshoot; able to resolve the tasks it is intended for effectively and efficiently; apt to provide most users 
with a high level of satisfaction. 
Standards [1] were developed in order to create a quality evaluation model for software products. The 
purpose behind them has been reaching a quality level to meet the actual needs of the user. Usability, on the 
other hand, is a subjective attribute of a system. It implies users’ satisfaction from using a product. The product 
has to be friendly and agreeable to use. The question is: Which are the relevant factors that the decision maker 
should invest on in order to have a good product from the usability point of view? Since these factors are 
multiple and decision criteria are generally conflicting ones it is only natural to try to follow a multicriteria 
approach in order to be able to answer such question.  
In [2], based in [1], [3] and [4], the ideal set of metrics to measure the level of systems usability were 
identified. Aiming to produce a set of metrics that would rely on results from [2], [3] and [4], a list of 
convergent (i.e., with similar meaning) characteristics were considered and analyzed so that they could be 
measured in the process of evaluating systems usability. The constructs along each metric are the criteria to 
appraise the usability of a system. Criteria are five and their valuations range from total disatisfaction to total 
satisfaction of users. These metrics are characterized as follows: 
x Ease of Learning - the product has to be easy to be learned, which is an underlying principle of usability. 
The product should be easy to be learned and handled, and the interface must be clear and objective; 
x Ease of Remembering - it concerns the ease of recalling the actions performed by the product, even if these 
actions are executed infrequently or after long intervals; 
x Error Control - it deals with the control of errors by the product: it is not limited to expecting only the 
occurrence of few errors, but it requires that the user is clearly informed about possible causes for the error 
as well as on his capability to be able to fix it easily; 
x Efficiency - it concerns the product doing the right thing and allowing the user to operate it in such a way as 
to reach a high level of output and performance in executing the tasks; 
x Effectiveness – it refers to the product doing the right thing in the best way possible;  
x Satisfaction- it refers to the perception by the user of the use of the product: it is totally subjective and is 
directly linked to users’ opinion on characteristics as pleasantness and comfort of use. 
Such metrics were assessed in accordance with the following constructs (i.e., alternatives): 
A) User’s easiness to complete a task for the first time; 
B) User’s first impression about using the product; 
C) Number of attempts to learn how to complete a task; 
D) Time required to learn how to accomplish a task successfully; 
E) User’s easiness in learning a task; 
F) Number of different possibilities that the product provides in order to accomplish the same task; for 
example: standard path versus shortcut keys, shorter paths, macros, specific keys, etc; 
G) Productivity gain with respect to the quickest way whereby the user manages to accomplish a task in 
comparison with the standard way the system offers by default; 
H) Flexibility of the product to carry out tasks in different ways such as: shortcut customization, values, menus, 
macros, etc; 
I) Capability of the product to guide through its execution with hints, help, warnings, etc; 
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J) Speed to accomplish a task successfully for the first time. 
The use of the [5] as a tool for multicriteria ranking tool has been established in references such as [6], [7], 
[8], [9] and [10]. Section 2 of this paper explains the use of the Choquet Integral as a multicriteria ranking 
model. 
2. The Choquet Integral as a Multicriteria Ranking Model in the Unipolar Scale  
Consider the set nXXXX uu .....21  of feasible alternatives. The decision maker has preferences with respect 
to X  that are expressed by a binary relation of the type t . 
Now consider the utility function given by          nnnn yuyuFxuxuFyx ,...,,..., 1111 tot , where F is the Choquet 
Integral and niSXu ii ,...1,:  o  are aggregation functions.  RS is a scale that represents the decision maker 
preferences. 
We can set two types of scales when the image of the aggregation function is R . The first among them, the 
limited unipolar scale, applies when ]1;0[ S , where zero means the absence of a property and 1 the total 
certainty about the existence of such property.  In modeling one can affirm the existence in  iX  of two elements 
with notations iU and iP , where iU  is an element of iX  representing the complete dissatisfaction of the decision 
maker, and iP  represents his complete satisfaction. We then have   0 ii Uu  and   1 ii Pu . The second of them, 
the unlimited unipolar scale, applies when  RS . This particular scale serves to represent priorities and relative 
importances. For convenience we use the notation   1 ii Su . 
According to [11], the function Ru N o2: is a capacity if 0)(  Iu . A capacity μ that satisfies BABA d ),()( PP  
is a fuzzy measure. This fuzzy capacity is normalized if 1)(  NP , where N is the set of integer numbers. The 
fuzzy capacity is additive if for all disjoint sets NBA , and one has )()()( BABA PPP   . It is symmetrical if 
for all subsets A, B we have )()( BABA PP   . 
We consider o RNf : as the Choquet Integral of f with respect to the capacity μ given by 
     > @  ¦
 
 n
i
i
AififfC
1
1)( VP PVV , where σ is a permutation in N such that    nff VV dd ....1  and   00  Vf . 
The Choquet Integral is comonotonic since, by definition,    nff VV dd ....1 (those are injective functions).  
3. A Case Study: usability of Ibmec/RJ’s intranet  
The case study of the intranet of a Brazilian university illustrates the application of that methodology. After 
collecting the data and consolidating users’ opinions a fuzzy triangular number was determined that resulted 
from the frequencies of users’ opinions for the set of constructs making up the metrics being assessed. That 
Brazilian university’s name is Ibmec and this case study is conducted in their Rio de Janeiro campus, here 
denoted by [2]. 
Fuzzy triangular numbers are special fuzzy numbers with two very important characteristics, named the 
most frequent number and the spread. The most frequent number represents the value of the fuzzy number with 
pertinence equal to 1. The spread is half the range of the fuzzy number and represents the confidence interval 
for that number and it is inversely proportional to the confidence in the value of the pertinence function [12]. 
The metrics and their constructs are: 
a) Ease of Learning  
To evaluate this metric 10 constructs have been used and the final result is a triangular fuzzy number (6/4) 
that represents the convergence of all results of the questions that make up this same metric. The fuzzy number 
(6/4) represents a good evaluation for this metric, but its spread of 4 represents a great dispersion of users’ 
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opinions. Next the Choquet Integral as a multi-criteria ranking tool [13] is used in order to determine which the 
most relevant constructs that should be improved are.  
Five criteria show readings that range from total disatisfaction (1) to total satisfaction (5). Therefore the 
order of criteria is as follows: 54321 CCCCC  . 
The alternatives are the constructs. For this particular metric they are: 
A1= easiness to complete a first task; 
A2 = first impression about the product; 
A3 = number of attempts made to complete a learning task; 
A4= time to learn how to perform a task successfully; 
A5= ease of learning a task; 
A6= availability of alternative options to accomplish the same task; 
A7= productivity gain with the fast mode from the default offered; 
A8= flexibility to perform tasks in different ways; 
A9 = ability to guide the user through the performance with tips, help, warnings, etc; 
A10 = agility to complete a task successfully. 
The sample that was used in this case comprises students of Ibmec/RJ, which are the users of the system. 
The students’ opinions were surveyed through a questionnaire. The decision matrix was built based on the 
percent of students’ opinions. Table 1 presents the decision matrix for the Ease of learning metric. 
    Table 1- Decision matrix for the Ease of learning metric 
 A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 
C1 0 0 0 0 0 0.04 0 0 0.03 0 
C2 0.07 0 0.07 0 0.04 0.21 0.07 0.13 0.17 0.03 
C3 0.33 0.13 0.43 0.47 0.10 0.41 0.48 0.30 0.13 0.57 
C4 0.53 0.67 0.43 0.40 0.73 0.24 0.38 0.43 0.47 0.30 
C5 0.07 0.20 0.07 0.13 0.13 0.10 0.07 0.13 0.20 0.10 
 
 
Table 2 shows the Choquet Integral ordering. Figures in the tables below have been rounded off to two 
decimals. 
   Table 2- Choquet Integral ordering for the Ease of learning metric 
 A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 Fuzzy 
measures 
C1 0 0 0 0 0 0 0 0 0 0 0.09 
C2 0.01 0 0.01 0 0 0.03 0.01 0.02 0.02 0 0.12 
C3 0.06 0.02 0.08 0.08 0.02 0.07 0.08 0.05 0.02 0.10 0.18 
C4 0.13 0.17 0.11 0.10 0.18 0.06 0.10 0.11 0.12 0.08 0.25 
C5 0.03 0.07 0.03 0.05 0.05 0.04 0.03 0.05 0.07 0.04 0.36 
Choquet Integral 0.23 0.26 0.22 0.23 0.25 0.20 0.21 0.22 0.24 0.22  
Choquet Integral 
Ordering 
4 1 5 4 2 3 6 5 3 5  
 
It can be seen that the Choquet Integral orders 2A as the most important construct. 
b) Ease of remembering  
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It can be represented by a fuzzy number (6/4). The decision maker should improve the first impression that 
the user has about the product. This metric consists of three constructs and has the result represented by the 
triangular fuzzy number (8/3) response: which is a very good rating, but with a high dispersion of opinions.  
Similarly to what is done for the previous metrics, the alternatives for this metric are: 
A1= remember how to perform a task after a period of time without using the product; 
A2= means for recalling how to use the product; 
A3= agility to remember, after a period of time without its use. 
As previously, the order of criteria is as follows: 54321 CCCCC  . 
The decision matrix shows the percent of students’ opinions. Table 3 presents the decision matrix for the 
Ease of  remembering metric. 
  Table 3- Decision matrix for the Ease of remembering metric 
 A1 A2 A3 
C1 0 0 0 
C2 0.03 0 0 
C3 0.13 0.03 0.23 
C4 0.57 0.63 0.50 
C5 0.27 0.33 0.27 
 
Table 4 presents the Choquet Integral ordering. 
      Table 4- Choquet Integral ordering for the Ease of remembering metric 
 A1 A2 A3 Fuzzy measures 
C1 0 0 0 0.09 
C2 0 0 0 0.12 
C3 0.02 0.01 0.04 0.18 
C4 0.14 0.16 0.13 0.25 
C5 0.10 0.12 0.10 0.36 
Choquet Integral 0.27 0.28 0.26  
Choquet Integral ordering 2 1 3  
 
It can be seen that the Choquet Integral orders A2 as the most important construct. 
Therefore for the Ease of remembering metric that has a fuzzy number (8/3) the decision maker needs to 
improve the means for recalling how to use the product. 
c) Error control 
It is comprised by seven constructs and has the triangular fuzzy number (6/3) response, which represents a 
good rating, yet with a high dispersion (spread equals to 3) for the users’ point of view. 
The same five criteria are used with their order as: 54321 CCCCC  . 
The alternatives are the constructs as previously. They are for this particular metrics: 
A1= number of errors caused by the product; A2= resume normal operation after the occurrence of an error; A3= 
sentiment regarding the amount of errors caused by the product; A4= number of errors caused by the product 
that causes some loss of information or rework; A5= time taken to resume the task caused by a product error; 
A6= satisfaction with the retrieval and fixing of the error; A7= clarity of error messages displayed by the 
product. 
The decision matrix shows the percent of students’ opinions. Table 5 presents the decision matrix for the 
Error control metric. 
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                Table 5 - Decision matrix for the Error control metric 
 A1 A2 A3 A4 A5 A6 A7 
C1 0 0 0 0 0 0 0 
C2 0 0.10 0.10 0 0 0.10 0.10 
C3 0.10 0.30 0.30 0.10 0.20 0.10 0.70 
C4 0.70 0.40 0.40 0.50 0.50 0.50 0.10 
C5 0.20 0.20 0.20 0.40 0.30 0.30 0.10 
 
Table 6 presents the Choquet Integral ordering.  
   Table 6- Choquet Integral ordering for the Error control metric 
 A1 A2 A3 A4 A5 A6 A7 Fuzzy measures 
C1 0 0 0 0 0 0 0 0.09 
C2 0 0.01 0.01 0 0 0.01 0.01 0.12 
C3 0.02 0.05 0.05 0.02 0.04 0.02 0.12 0.18 
C4 0.18 0.10 0.10 0.13 0.13 0.13 0.03 0.25 
 C5  0.07 0.07 0.07 0.14 0.11 0.11 0.04 0.36 
Choquet Integral 0.27 0.24 0.24 0.29 0.27 0.26 0.20  
Choquet Integral ordering 2 4 4 1 2 3 5  
 
It can be seen that by using the Choquet Integral A4 ranks as the most important construct. 
Therefore for the Error control metrics that has a fuzzy number (6/3) the decision maker needs to minimize 
the number of errors caused by the product to avoid users’ rework. 
d) Efficiency metric 
It is composed of four constructs, and is represented by the triangular fuzzy number (6/2) response, which is 
a good evaluation. The spread is 2, which represents an average dispersion of users’ opinions. 
As previously, the order of criteria is as follows: 54321 CCCCC  . 
The alternatives for this metric are: 
A1= performance exhibited by the product; 
A2= speed in performing the tasks; 
A3= system productivity; 
A4= ability to keep the product under control. 
The decision matrix shows the percent of students’ opinions and is presented in Table 7. 
         Table 7- Decision matrix for the Efficiency metric 
 A1 A2 A3 A4 
C1 0 0 0 0.03 
C2 0 0 0 0.07 
C3 0.30 0.20 0.10 0 
C4 0.50 0.60 0.70 0.50 
C5 0.20 0.20 0.20 0.40 
 
In Table 8 the Choquet integral ordering is shown.  
            Table 8 - Choquet integral ordering for the Efficiency metric 
 A1 A2 A3 A4 Fuzzy measures 
C1 0 0 0 0 0.09 
C2 0 0 0 0 0.12 
C3 0.05 0.04 0.02 0 0.18 
C4 0.13 0.15 0.18 0.13 0.25 
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C5 0.07 0.07 0.07 0.14 0.36 
Choquet Integral 0.25 0.26 0.27 0.28  
Choquet Integral ordering 4 3 2 1  
 
By using the Choquet Integral it can be seen that the most important construct is A4. 
Therefore for the Efficiency metrics associated to a fuzzy number (8/3), the decision maker should 
maximize the ability to keep the product under control. 
e) Effectiveness metric 
It is composed of three constructs and is represented by the triangular fuzzy number (6/2) response, which 
represents a good evaluation. The spread is 2, which reflects an average dispersion of the users’ opinions. 
The alternatives for this metric are: 
A1= number of steps to accomplish a task; 
A2= time to accomplish a task; 
A3= number of steps to accomplish a task. 
Similarly as before, the order of criteria is as follows: 54321 CCCCC  . 
The decision matrix shows the percents of students’ opinions. Table 9 presents the decision matrix for the 
Effectiveness metric. 
  Table 9 - Decision matrix for the Effectiveness metric 
 A1 A2 A3 
C1 0 0 0 
C2 0 0 0.1 
C3 0.24 0.10 0.03 
C4 0.56 0.67 0.50 
C5 0.20 0.23 0.37 
 
 
In Table 10 the Choquet Integral ordering is shown. 
       Table 10 - Choquet Integral ordering for the Effectiveness metric 
 A1 A2 A3 Fuzzy measures 
C1 0 0 0 0.09 
C2 0 0 0.01 0.12 
C3 0.04 0.02 0.01 0.18 
C4 0.14 0.17 0.13 0.25 
C5 0.07 0.08 0.13 0.36 
Choquet Integral 0.26 0.27 0.28  
Choquet Integral ordering 3 2 1  
 
It can be observed that by using Choquet Integral the most important construct is found to be A3. 
As a consequence, the Effectiveness metrics is represented bythe fuzzy number (6/2), the decision maker 
needs to improve the number of steps to accomplish a task in the product. 
f) Satisfaction metric 
It is composed of three constructs and has the triangular fuzzy number (6|2) response, which represents a 
good evaluation, with an average dispersion. 
The alternatives for this metric are: 
A1= interaction with the product interface; 
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A2= performance of tasks in the product, with respect to the clarity of messages, error recovery, etc; 
A3= propensity by the user to use the product in general. 
As before, the order of criteria is as follows: 54321 CCCCC  . 
The decision matrix shows the percent of students’ opinions. Table 11 displays the decision matrix for the 
Satisfaction metric. 
 
  Table 11 - Decision matrix for the Satisfaction metric 
 A1 A2 A3 
C1 0 0 0 
C2 0.10 0 0 
C3 0.10 0.25 0.13 
C4 0.60 0.65 0.63 
C5 0.20 0.10 0.24 
 
Table 12 shows the Choquet integral ordering. 
              Table 12- Choquet integral ordering for the Satisfaction metric 
 A1 A2 A3 Fuzzy measures 
C1 0 0 0 0.09 
C2 0.01 0 0 0.12 
C3 0.02 0.04 0.02 0.18 
C4 0.15 0.16 0.16 0.25 
C5 0.07 0.04 0.09 0.36 
Choquet Integral 0.25 0.24 0.27  
Choquet Integral ordering 2 3 1  
 
The Choquet integral orders A3 as most important construct. 
Therefore, for the satisfaction metrics that has a fuzzy number (6/2), the decision maker needs to improve 
the propensity by the user to use the product in general. 
4. Conclusions 
This paper has proposed a multicriteria analytical approach based on the use of Choquet Integral for 
indicating how to improve systems usability in order to minimize costs, minimize time and maximize the 
efficiency of an organization. The application of the proposed methodology is illustrated through a case study. 
For the constructs that were considered in this case study the following priorities for improvement have been 
pointed out: 
x For the Ease of learning metric the most important are the first impression that the user has on to use the 
product 
x For the Ease of remembering metric the decision maker should improve the means for recalling how to use 
the product 
x For the Error control metric the decision maker needs to improve the number of errors that may lead to loss 
of information or rework 
x For the Effectiveness metric the decision maker needs to improve the number of steps to accomplish a task 
in the product 
x For the Satisfaction metric the decision maker needs to improve the propensity by the user to use the product 
in general 
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For future research we plan to expand the scope of this methodology by taking into consideration criteria that 
are structured according to a hierarchy. 
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